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A B S T R A C T

Background: The increasing prevalence of falsified and counterfeit medicines globally poses risks to international 
travellers. This narrative literature review examines the global challenge of falsified and counterfeit medicines, 
with a specific focus on risks for travellers. The aim is to provide a comprehensive understanding of this 
multidimensional issue, exploring potential solutions for effective intervention.
Methods: A comprehensive search of databases, including PubMed, MEDLINE, and Scopus, as well as relevant 
reports from international organisations, was undertaken. There was a focus on extracting information pertaining 
to the prevalence, types, and geographical patterns of falsified and counterfeit medicines encountered by in
ternational travellers. Synthesising this information helped to identify overarching trends and patterns. This 
narrative review utilised a thematic analysis approach to synthesise the findings.
Results: The findings revealed a diverse range of counterfeit drug categories, spanning from antibiotics to lifestyle 
medications, posing unique risks to travellers navigating the global pharmaceutical landscape. The review em
phasises the geographical distribution of these drugs, with varying consequences for both high- and low-income 
nations. The inadequate formulations and inconsistent drug release arising from these practices pose severe 
threats to public health, especially for individuals travelling abroad. The review also highlights the significance 
of international collaboration in addressing this global challenge, as pharmaceutical supply chains seamlessly 
cross borders, necessitating a collaborative approach for effective regulation and enforcement.
Conclusions: This review underscores the need for targeted research, collaborative interventions, and techno
logical innovations to address the complexities associated with falsified and counterfeit medicines, ensuring the 
safety and well-being of international travellers.

1. Introduction

Falsified and counterfeit medicines pose a significant public health 
risk, including in the context of international travel [1]. As the incidence 
of reported cases has risen globally, concerns over the proliferation of 
falsified and counterfeit medicines have intensified [2]. Substandard 
pharmaceutical products masquerade as genuine medications, poten
tially deceiving both healthcare professionals and consumers. The con
sequences of this phenomenon can be significant, ranging from 
treatment failures and exacerbation of illnesses to development of drug 
resistance and even loss of life [3]. With more travellers purchasing 
medications abroad, sometimes in countries where the export of certain 
drugs is not authorised or is prohibited, the risk of encountering falsified 
and counterfeit medications increases. This is further complicated by the 

ongoing challenges in maintaining and updating international databases 
that track the legality and safety of cross-border pharmaceutical sales 
[4]. As international travel becomes more accessible, these risks become 
more pronounced for tourists, expatriates, and healthcare providers 
alike.

These products are deliberately mislabelled with respect to their 
identity, source, or composition and range from substandard or adul
terated drugs to entirely fabricated pseudo-pharmaceuticals [5]. There 
is no agreed-upon international definition of falsified or counterfeit 
medicines. The World Health Organisation (WHO) regards them as 
drugs that are “deliberately and fraudulently mislabelled with respect to 
identity and/or source” [6,7]. The European Medicines Agency (EMA) 
distinguishes between falsified medicines, as “fake medicines that are 
designed to mimic real medicines”, and counterfeit medicines, 
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“medicines that do not comply with intellectual property rights” [8,9]. 
This lack of a consensus definition hinders discussions on this global 
health problem.

The consequences of falsified and counterfeit medicines extend 
beyond individual harm. They undermine public trust in healthcare 
systems, exacerbate drug resistance, compromise disease control efforts, 
and erode confidence in pharmaceutical supply chains [10–17]. This 
illegal trade places an onerous burden on regulatory authorities, law 
enforcement agencies, and public health institutions tasked with safe
guarding the integrity of medicines.

The global nature of travel exposes travellers to unfamiliar health
care systems and pharmaceutical markets [18,19], while the increased 
mobility of people across borders increases the risk of encountering 
counterfeit medications [20]. Travellers often lack an understanding of 
local healthcare landscapes, regulatory practices, and potential risks 
associated with obtaining medications abroad [21,22]. Despite the 
potentially severe consequences, travellers may not be adequately 
informed about these risks or equipped to navigate healthcare systems in 
foreign countries [23]. Travel health consultations play a crucial role in 
preparing individuals for the health-related challenges of international 
travel, including the risks associated with falsified and counterfeit 
medicines [24–26]. However, the adequacy and consistency of advice 
provided during these consultations can vary [27,28]. Increased 
awareness is crucial to empowering travellers to make informed de
cisions about their health and medications while abroad.

Beyond the immediate health risks, the trade in falsified and coun
terfeit medicines carries significant economic implications for in
dividuals, healthcare systems, and governments [29]. This concern is 
amplified by the rise of pharmaceutical tourism, where travellers seek 
cheaper medications abroad, increasing their risk of encountering 
counterfeit drugs. The financial burdens on travellers can be substantial 
when substandard medications lead to treatment failures or additional 
medical expenses. With supply chains interconnected across borders, 
pharmaceuticals now traverse the globe at an unprecedented pace [30]. 
The intricate network of raw material suppliers, pharmaceutical man
ufacturers, and wholesale distributors has made it challenging to ensure 
the authenticity of pharmaceuticals throughout their journey from 
production to consumption. While this has facilitated timely access to 
medicines, it has also exposed vulnerabilities, enabling the spread of 
falsified and counterfeit medications. The advent of online pharmacies 
and digital transactions has provided convenience to travellers seeking 
medications abroad. However, it has also opened avenues for the illicit 
trade of falsified and counterfeit medicines [31,32]. Additionally, the 
use of advanced packaging and labelling technologies by counterfeiters 
adds complexity to identifying fraudulent products, posing specific 
challenges for travellers trying to ensure the authenticity of medications 
during their journeys [33].

While individual studies have illuminated aspects of this issue, a 
comprehensive examination of the cumulative knowledge base is lack
ing. This narrative review seeks to bridge this gap by evaluating relevant 
research, delineating the key themes, methodologies, and insights that 
collectively constitute the landscape of knowledge on falsified and 
counterfeit medicines in international travel. It aims to review the risks 
associated with counterfeit and falsified medications and identify 
knowledge gaps, areas of controversy, and avenues for future research 
that can contribute to a more robust understanding of this critical global 
health issue.

2. Materials and methods

This narrative review involved a comprehensive search of academic 
databases, including PubMed, MEDLINE, and Scopus, as well as relevant 
reports from international organisations such as the WHO, EMA, and 
INTERPOL, was undertaken. Diverse MeSH search terms were used to 
access all available literature on this subject (see Supplementary file). 
Sources were evaluated up to November 2023. Articles, reports, and 

studies spanning a wide range of disciplines, including pharmaceutical 
sciences, public health, law enforcement, and technology, were also 
included.

All reviewed literature was published in the English language. No 
date limitations were imposed on the search criteria; however, newer 
studies were prioritised. Grey literature, including reports, conference 
proceedings, and government publications, was also included to capture 
diverse perspectives and insights beyond peer-reviewed literature. Two 
of the three authors independently screened the literature to ensure 
thoroughness and accuracy.

Recognising the diversity in the types of counterfeit medicines, as 
well as the geographical patterns of their prevalence and the factors 
influencing their production, studies focusing on these aspects were 
included to uncover trends and variations in the risks posed by coun
terfeit medicines across different regions and drug categories. Given the 
frontline role of healthcare professionals in addressing pharmaceutical 
safety, a specific focus was placed on studies that explored their 
involvement, challenges, and contributions in detecting and preventing 
the spread of counterfeit medicines. This criterion was chosen to 
examine the interactions between healthcare practitioners and patients, 
and to understand the role of medical professionals in safeguarding 
public health, both domestically and internationally. Additionally, the 
inclusion criteria encompassed studies addressing the legal and regula
tory aspects related to counterfeit and falsified medicines, aiming to 
provide a comprehensive overview of governance structures and chal
lenges, and acknowledging the crucial role of regulatory authorities and 
legal frameworks in shaping pharmaceutical safety, particularly in the 
context of international travel. Furthermore, significant emphasis was 
placed on preventive efforts addressing interventions, campaigns, and 
collaborative initiatives aimed at combatting counterfeit medicines 
globally. This aspect explored diverse strategies implemented to safe
guard public health during international travel, recognising the impor
tance of proactive measures in mitigating the risks associated with 
falsified and counterfeit medicines.

To maintain a comprehensive and cohesive analysis, studies with a 
narrow scope that did not significantly contribute to the overarching 
themes of the review were excluded. Specifically, studies were excluded 
if they focused solely on a single case or instance of counterfeit medicine 
without broader implications, lacked sufficient data on geographical 
patterns or prevalence, or did not address the factors influencing the 
production of counterfeit medicines. Research limited to specific phar
maceutical compounds without consideration of the wider context of 
counterfeit medicines was also excluded to ensure the review covered a 
broad and diverse range of issues relevant to pharmaceutical safety on a 
global scale.

The data extraction process involved examination of each included 
study, with a focus on extracting information pertaining to the preva
lence, types, and geographical patterns of falsified and counterfeit 
medicines encountered by international travellers. This information was 
synthesized to map the current global landscape and identify over
arching trends and patterns. The narrative literature review utilised a 
thematic analysis approach to synthesise the findings, revealing com
monalities and variations in literature.

While synthetizing the information, specific attention was directed 
toward identifying gaps in the current knowledge landscape related to 
falsified and counterfeit medicines. These gaps serve as signposts for the 
trajectory of subsequent research initiatives, potentially guiding 
scholars and practitioners toward areas that require deeper 
investigation.

3. Results

3.1. Therapeutic categories

The most prevalent of all falsified and counterfeit pharmaceuticals 
are antibiotics and antimicrobials, accounting for 28 % of the global 
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market in falsified and counterfeit medicines in 2012 [34]. This figure 
has increased in subsequent years, with antibiotic drugs accounting for 
36 % of all counterfeit pharmaceuticals seized by customs worldwide in 
2014–2016 [35]. A 2015 review found that the most commonly impli
cated antibiotics were beta-lactams, anti-folates, and cyclins [36]. Of the 
substandard medications studied, amoxicillin was reported in 29 coun
tries, ampicillin was reported in 17 countries, tetracyclines were re
ported in 11 countries, and trimethoprim-sulfamethoxazole was 
reported in 10 countries [36]. This is consistent with earlier studies that 
found early generation antimicrobials, including penicillins and tetra
cyclines, to be the most commonly falsified and counterfeited [37]. It is 
important to note that Kelesidis & Falagas [36] used the term ’sub
standard’ to describe medicines that do not meet quality standards. This 
distinction is important as ’substandard’ refers to medicines that are 
authorised but fail to meet quality specifications, whereas ’falsified’ and 
’counterfeit’ medicines involve intentional misrepresentation of iden
tity, composition, or source. The distinction between these terms helps 
to clarify the different challenges posed by poor-quality medicines and 
the need for precise terminology in combating the issue of falsified and 
counterfeit medicines.

The risks associated with counterfeit antibiotics and antimicrobials 
are exacerbated during international travel in several critical ways. 
Travellers may encounter new or exotic environments during their 
journeys, exposing them to unfamiliar pathogens. The risk of contracting 
bacterial infections, including skin and soft tissue infections, traveller’s 
diarrhoea or respiratory infections, is heightened. As a result, travellers 
may seek antibiotics or antimicrobials to manage these conditions, 
increasing the demand for these drugs abroad [38–42]. International 
travellers often resort to self-medication when faced with minor health 
issues, especially in regions where access to healthcare services may be 
limited or language barriers exist [43–45]. The ease of procuring anti
biotics over the counter in some countries or obtaining them without a 
prescription contributes to the vulnerability of travellers to counterfeit 
drugs [46–50]. Travellers may unwittingly purchase counterfeit medi
cations from local markets or pharmacies, believing them to be genuine 
[51,52]. The lack of familiarity with local pharmaceutical standards and 
counterfeiters’ sophisticated mimicry of drug packaging exacerbates this 
risk [53]. Inadequate doses or incorrect formulations contribute to 
treatment failures, allowing bacterial infections to persist and poten
tially lead to the development of antibiotic resistance. This poses not 
only individual health risks but also carries wider population implica
tions as drug-resistant infections become increasingly prevalent 
[54–56]. A survey of pharmacists working in healthcare settings in 
Nigeria found that 99.5 % associated counterfeit medicines with treat
ment failures, while 91.2 % believed that they contributed to antibiotic 
resistance [57]. This suggests that pharmacists are acutely aware of the 
problem, yet they face significant challenges in effectively addressing 
and mitigating the issue.

Falsified and counterfeit antimalarials and anti-infectives pose a 
significant threat to international travellers, particularly those visiting 
regions with a high incidence of infectious diseases [15,58–60]. Coun
terfeit cardiovascular drugs (e.g., antihypertensives, statins) and central 
nervous system medications (e.g., antidepressants and anxiolytics) are 
also frequently encountered. These drugs are likely chosen for coun
terfeiting due to the high incidence of conditions such as hypertension 
and depression. The lack of therapeutic efficacy or the presence of toxic 
substances contained in such drugs poses substantial risks to individuals 
managing chronic diseases [2,35,61–64]. Counterfeit vaccines jeopar
dise the immunity and health of patients. This is of concern to interna
tional travellers, many of whom may not seek vaccines before travel and 
seek to obtain them in developing countries. Such counterfeit vaccines 
can contribute to outbreaks of vaccine-preventable diseases, with 
far-reaching public health consequences for travellers and indigenous 
people [65–71]. Fig. 1 displays the relative value of seized falsified or 
counterfeit drug classes according to the Organisation for Economic 
Co-operation and Development (OECD).

3.2. Geographical distribution

While they are encountered in various parts of the world, specific 
countries and regions are more commonly associated with the produc
tion and distribution of illicit pharmaceuticals (Fig. 2). Although not 
major producers of medications, Southeast Asia, including countries 
such as Myanmar and Cambodia, has been identified as major sources of 
falsified and counterfeit drugs. The problem is not specific to any one 
nation but crosses borders, encompassing regional areas, with the 
Mekong of particular concern [72–77]. International travellers to 
Southeast Asia face unique challenges and risks related to falsified and 
counterfeit antimalarials and antibiotics, particularly when journeying 
to malaria-endemic regions [15,78,79]. Weak pharmaceutical regula
tions, porous borders, limited access to healthcare services contribute to 
the proliferation of counterfeit medications in this region with the po
tential to increase drug-resistant malaria [80–82].

The Sub-Saharan African region has been affected by a high inci
dence of infectious diseases, which has led to a significant demand for 
antimalarials, antibiotics, and antiretrovirals. As a result, falsified and 
counterfeit versions of these medications have proliferated [79,83,84]. 
Countries such as Nigeria, the Democratic Republic of the Congo (DRC), 
Tanzania, and Uganda have reported numerous cases of counterfeit 
pharmaceuticals [85–91]. A study between 2009 and 2015 of over 336, 
000 antimalarial drugs in 49,500 medical outlets in eight African na
tions found, on average, that only 24 % of artemisinin-based 

Fig. 1. Diversity of pharmaceutical agents among falsified medicines (Source: 
OECD, 2020).

Fig. 2. Global distribution of falsified medicines (Source: https://healthpolicy 
-watch.news/fight-the-fakes-campaign-raises-awareness-of-falsified-substanda 
rd-medicines/).
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combination therapy (ACT) drugs were quality-assured while 25 % were 
non-quality-assured. It was determined that the non-quality-assured 
drugs were predominantly available in private sector outlets and were 
infrequent (<10 %) within public sector settings. However, notable 
exceptions included the Democratic Republic of the Congo (DRC), where 
39 % of non-quality-assured drugs were found in the public sector, and 
Zambia, where 85 % of such drugs were present in public sector settings. 
The relatively high proportion of non-quality-assured drugs in Zambia’s 
public sector can be attributed to challenges in drug procurement and 
supply chain management, despite the presence of international donors. 
This situation contrasts with other contexts where low public sector 
availability of non-quality-assured drugs is more common, due to in
ternational aid and procurement processes that generally adhere to 
global quality-assurance standards [92]. Most falsified and counterfeit 
drugs in sub-Saharan Africa are imported from Asian countries, mainly 
India and China [92,93]. Several factors contribute to this problem in 
sub-Saharan Africa, including inadequate healthcare infrastructure, 
regulatory challenges, limited access to quality medicines, and the high 
cost of genuine medicines, all of which make it easier for counterfeit 
drugs to infiltrate the market [94–96].

The majority (54 %) of falsified and counterfeit drugs reported 
worldwide in 2006 were manufactured in India [97]. A more recent 
study puts that number at 75 % [98]. Illicit manufacturers within India 
predominantly produce substandard or counterfeit versions of generic 
medications, which can then enter the global pharmaceutical supply 
chain [99–101]. A study of falsified medicines in Myanmar found that 
75.8 % of the medicines being sold in pharmacies in Mandalay were of 
Indian origin, and 20.5 % were found to be either substandard or 
falsified [73]. India’s complex pharmaceutical landscape, with its 
mixture of highly reputable manufacturers and unregulated production 
units, makes it a challenging environment to monitor and regulate [102,
103]. The high cost of medicines, limited access to medical care, and a 
lack of knowledge amongst the general population were highlighted as 
key factors influencing the sale of falsified and counterfeit medicines in 
India [104].

In 2006, China and Hong Kong were responsible for 31 % of falsified 
and counterfeit medications worldwide [97]. This issue affects many 
drugs from antibiotics to lifestyle medications and even vaccines. The 
country’s expansive pharmaceutical manufacturing industry, coupled 
with the presence of unregulated and often clandestine production fa
cilities, creates opportunities for counterfeiters [49,105,106].

Eastern European countries, including Russia, have also been asso
ciated with falsified and counterfeit pharmaceuticals, particularly life
style medications and antibiotics [107–112]. The WHO estimates that in 
former Soviet countries the incidence of counterfeit pharmaceuticals 
may be as high as 20 % [36]. Weak regulatory oversight, as well as 
corruption, has contributed to the prevalence of falsified and counterfeit 
drugs in these regions. Counterfeit pharmaceuticals, originating from 
within the region or imported from other sources, can enter both do
mestic and international markets [113,114].

In Latin America, countries such as Brazil, Chile and Peru have 
encountered issues with falsified and counterfeit medicines. Counterfeit 
pharmaceuticals in this region encompass lifestyle medications, antibi
otics, antiretrovirals and analgesics [115,116]. Factors such as economic 
disparities, lax regulatory enforcement, corruption, and porous borders 
have contributed to the presence of falsified and counterfeit drugs [50,
114,117].

The internet and transnational criminal networks play a pivotal role 
in the distribution of adulterated and low-quality drugs, often sold 
illegally and without the need for prescriptions [118,119]. These crim
inal networks often operate across borders, making it challenging to 
pinpoint a single geographical location as the source of the problem. The 
internet has facilitated the sale of counterfeit drugs to a global audience, 
bypassing traditional supply chains and regulatory oversight [51,120]. 
Almost 25 % of U.S. adults purchased prescription medicines online in 
2017, with 20 % of purchases made via websites without any link to 

local healthcare professionals. It was also found that 96 % of online 
pharmacies operating in the U.S. did so without any regulatory oversight 
or adherence to pharmaceutical standards [121]. Despite the risks, in
dividuals use online pharmacies for reasons such as convenience and 
lower cost compared to drugs sourced from licensed sellers [122]. Many 
countries currently lack legislation regulating the operation of online 
pharmacies [123]. The most common locations of online pharmacies 
appear to be the U.S., Canada and the U.K [124]. Of 44 sites selling 
Viagra® online in the U.K. in 2010, only 56.8 % provided an email 
address and 47.7 % supplied a postal address [125]. The high proportion 
of online pharmacies without a physical address or contact email could 
make it difficult to ascertain the location and legitimacy of the online 
pharmacy. Furthermore, the addresses provided may have consisted of 
P.O. boxes or non-physical addresses, adding to the complexity of the 
issue and making it easier for fraudulent operators to avoid detection 
and regulation.

While North America generally has robust regulatory frameworks 
and strong healthcare systems, there are still considerations for travel
lers. The ease of online purchasing in North America can expose trav
ellers to falsified and counterfeit drugs. Travellers in North America 
relying on such sources may inadvertently encounter falsified or coun
terfeit antimalarials and antibiotics [126]. Travellers may not be 
familiar with the regulatory frameworks regarding the importation of 
medications in North America. Attempting to bring medications into the 
region without proper documentation or adherence to regulatory stan
dards may have legal implications. International travellers may face 
legal consequences if found in possession of falsified or counterfeit 
medications, even if purchased unknowingly, disrupting travel plans 
and leading to potential consequences for travellers who unintentionally 
acquire counterfeit drugs [127].

In 2012, the U.S. Food and Drug Administration (FDA) uncovered a 
sophisticated operation involving the distribution of counterfeit Avas
tin®, a widely used cancer medication. The falsely labelled drugs were 
distributed to multiple healthcare providers across the United States. 
This incident raised serious concerns about the integrity of the phar
maceutical supply chain and the potential harm posed to patients relying 
on genuine medications for life-threatening conditions [128]. The inci
dent highlighted the advanced tactics employed by counterfeiters to 
infiltrate the pharmaceutical distribution network of a high-income, 
developed nation. The drugs closely mimicked the appearance of the 
genuine drug, making visual identification unreliable for healthcare 
professionals. This underscored the vulnerability of the U.S. healthcare 
system to fraudulent activities, prompting increased scrutiny of supply 
chain security and regulatory measures in the years since [129].

The prevalence of counterfeit prescription drugs extends beyond the 
borders of the USA. A recent study, conducted from 2018 to 2022, 
investigating the presence of counterfeit prescription drugs in Northern 
Mexico, particularly in pharmacies catering to English-speaking tourists, 
revealed that 70 % of pharmacies provided controlled substances 
without a prescription, and 27.5 % dispensed counterfeit medications. 
The high rate of pharmacies dispensing controlled substances without a 
prescription suggests a lack of regulatory oversight, which can correlate 
with a higher risk of counterfeit medications being distributed. Samples 
labelled as "Adderall" often contained methamphetamine, while those 
labelled as "Oxycodone" frequently contained fentanyl or heroin [130]. 
This highlights the public health risk posed by the availability of 
counterfeit medications in tourist-oriented pharmacies and emphasises 
the need for increased surveillance and awareness amongst international 
travellers due to Mexico’s limited infrastructure for drug monitoring.

While the European Union (EU), like the U.S., maintains a high 
standard of pharmaceutical regulations and healthcare infrastructure, 
international travellers to Europe may still encounter risks related to 
counterfeit and falsified medications. In some European countries it is 
possible to buy certain medications, including antibiotics, without 
requiring a prescription [47]. The absence of prescription requirements 
can lead to an increased risk of self-treatment, potentially exposing 
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travellers to substandard or inappropriate use of medications, as phar
macies operating under less stringent regulatory oversight are more 
vulnerable to infiltrations by counterfeit drugs, as they may not adhere 
to the same rigorous standards for sourcing and verifying the authen
ticity of their medications. This combination of factors can contribute to 
the presence of falsified medications in the market. Likewise, akin to 
North America, the ease of purchasing medications online poses a 
unique risk for travellers to Europe, exposing them to the risk of 
receiving counterfeit or substandard drugs from less reputable sources 
[131–133]. Fig. 3 illustrates the regional frequency of counterfeit 
pharmaceutical seizures by law enforcement agencies.

3.3. Considerations for international travellers

Annually, an estimated 25–30 million international travellers visit 
regions of Southeast Asia and Sub-Saharan Africa where malaria is 
endemic [134]. An estimated 30,000 malaria infections occur annually 
amongst travellers [135]. A GeoSentinel analysis between 2003 and 
2016 found that 83 % of patients diagnosed with malaria post-travel had 
been exposed in sub-Saharan Africa [136]. This indicates the need for 
authentic antimalarial drugs available both for preventive and treat
ment abroad. However, as falsified and counterfeit antimalarials are 
prevalent in these regions, travellers can unknowingly purchase and 
consume counterfeit antimalarials, increasing the risk of contracting 
malaria [79,96,137–139].

Sub-Saharan Africa, as well as parts of Asia, bear a substantial burden 
of infectious diseases, including malaria, HIV/AIDS, and various bac
terial infections [140–143]. International travellers to this region often 
require antimalarials, antiretrovirals, and antibiotics. The high demand 
for these medications creates an environment where falsified and 
counterfeit drugs can infiltrate the market. In remote and less-developed 
parts of Asia and Sub-Saharan Africa, travellers may have limited access 
to high quality healthcare facilities [104]. This can lead to increased 
reliance on local unregulated pharmacies or informal drug vendors, 
where the risk of encountering counterfeit medications is much higher. 
Without access to medical professionals or reliable sources, travellers 
are more susceptible to obtaining falsified and counterfeit medications 
[144].

The distribution networks for counterfeit medications often tran
scend national borders. Falsified and counterfeit drugs originating from 
Asian countries, including India and China, have been detected in in
ternational markets, highlighting the global nature of the falsified and 
counterfeit medicine trade and the need for a standardized drug pedi
gree system [145,146]. Travellers may inadvertently come into contact 
with these falsified and counterfeit medications when purchasing 
pharmaceuticals during their journeys abroad. Due to the high cost of 
prescription medications in countries such as the United States and 
Canada, travellers from these countries might be inclined to purchase 
medications abroad to save money [147], potentially increasing their 

risk of encountering falsified and counterfeit medications.

3.4. Production of falsified and counterfeit medicines

Ensuring precise strength and purity of drugs is an essential part of 
any drug manufacturing process and is usually maintained by careful 
monitoring of manufacturing operations and procedures. Drug manu
facturers must operate in accordance with good manufacturing practices 
(GMP) to maintain the efficacy, quality, and safety of pharmaceuticals 
[148–151]. Falsified and counterfeit drugs typically deviate from GMPs 
in several critical ways by deliberately or inadvertently violating these 
regulations [152,153]. This can result in medications that do not 
conform to global standards, putting patients’ health at risk. For inter
national travellers, the ability to identify falsified and counterfeit 
medicines poses many challenges. Examination of the product pack
aging and label can provide clues about the authenticity of a medication 
[126]. Key indicators of counterfeit drugs include discrepancies in 
packaging design, missing or incorrect labelling information, and un
usual or inconsistent fonts and colours. Additionally, counterfeit tablets 
can often have a chalky appearance or taste [154]. For travellers and 
healthcare providers, being aware of these signs can aid in identifying 
potentially counterfeit medications. Table 1 summarises the key de
viations from normal drug manufacturing practices, which can help in 
recognising counterfeit products. For a more comprehensive approach, 
travellers should consider purchasing medications from reputable 
sources and consult local guidelines on medication authenticity. Pro
viders should educate patients on these signs and encourage vigilance 
when obtaining medications from less familiar or non-traditional 
sources.

3.5. Role of healthcare professionals

Pharmacists play a crucial role in combating the issue of falsified and 
counterfeit medications. Their expertise, accessibility, and direct inter
action with patients make them frontline healthcare professionals who 
can contribute significantly to safeguarding public health in both do
mestic and international settings [152]. Pharmacists should be trained 
to verify the authenticity of pharmaceutical products. Before patients 
purchase medications, pharmacists can examine the packaging, label
ling, and security features to identify potential signs of counterfeit drugs. 
Suspicious products can then be reported to regulatory authorities for 
further investigation and not dispensed to a patient [184].

A survey of Egyptian pharmacists found that 70.3 % felt confident in 
their ability to visually determine if a medicine was falsified and 
counterfeit. Elements of authenticity they examined included product- 
specific authentication markings (69.9 %), shape (53.6 %), embossing 
(24.4 %), colour (17.1 %) and packaging (14.6 %). 84 % stated that their 
awareness was due to previous encounters with falsified and counterfeit 
medications, while 35 % relied on information from pharmaceutical 
inspectors and other pharmacists; surprisingly 95.4 % had never had any 
professional training on the detection of falsified and counterfeit med
icine and 82.9 % felt their current knowledge and skills were limited or 
inadequate. Just over half (53.1 %) of respondents had awareness of 
drug authentication techniques designed to prevent counterfeiting, with 
the most widely recognised being a digital watermark [185].

Pharmacists are in a unique position to educate patients about the 
risks associated with falsified and counterfeit medications. They can 
inform patients about the importance of obtaining medications from 
reputable sources, the potential dangers of online pharmacies, and the 
need to report any unusual effects or packaging irregularities [186]. 
However, findings from Sudan suggest that without addressing the un
derlying factors that drive consumers to buy falsified and counterfeit 
medications, such as high cost of branded drugs, educational efforts may 
prove ineffective if inexpensive viable alternatives are not available 
[187]. While these findings are based on the specific context of Sudan, 
similar challenges related to drug affordability and access may be 

Fig. 3. Global incidence of falsified medicines (Source: https://www.psi-inc. 
org/geographic-distribution).
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applicable in other countries with comparable economic and healthcare 
conditions. Therefore, while the exact dynamics may vary, the principle 
that access to affordable, quality medications is crucial for the effec
tiveness of educational efforts is likely relevant in a broader context.

In a pre-travel consultation, healthcare professionals provide rec
ommendations and guidance to travellers to determine potential health 
risks, educate on methods of prevention, and provide immunisations and 
medication for preventable diseases. This helps to ensure their health 
and safety during international trips [188]. However, existing literature 
on pre-travel consultations often lacks specific guidance concerning 
counterfeit or falsified medicines, primarily referencing them only in the 
context of chemoprophylaxis. The CDC Yellow Book addresses the issue 
of counterfeit medicines in the context of the pre-travel consultation. 
Recommendations include purchasing medications domestically before 
departure, ensuring medicines remain in their original packaging, 
buying from legitimate pharmacies, avoiding suspiciously low-priced 
medications, being familiar with packaging details, and reporting any 
suspected counterfeit products to www.who.int/medicines/service 

s/counterfeit/report/en/.[19,189]. The CDC also provides some best 
practices for travellers who must acquire medications abroad 
(https://wwwnc.cdc.gov/travel/page/counterfeit-medicine#:~:te 
xt=If_20possible_2C_20bring_20your_20medicine,File%20Formats% 
20Help)

In addition to the frontline role pharmacists play in combating 
falsified and counterfeit medicines, the importance of equipping 
healthcare professionals with robust, up-to-date resources cannot be 
overstated. The complexity of navigating international pharmaceutical 
regulations, particularly for travellers, underscores the need for 
comprehensive databases that provide current information on medica
tion legality, availability, and alternatives across different countries. As 
highlighted in Shmorgun et al. [4], the development of a database 
designed to aid healthcare providers in offering accurate pre-travel 
advice is critical in ensuring that patients receive the correct medica
tions, even when travelling across borders. These databases would not 
only support pharmacists in verifying the authenticity of pharmaceuti
cals but also empower them to advise on legal and safe alternatives when 
specific medications cannot be carried abroad. As international travel 
continues to rise, the role of these informational resources will become 
increasingly vital in safeguarding public health against the risks posed 
by falsified and counterfeit medications. This approach can complement 
the educational efforts of healthcare professionals, ensuring their ability 
to provide well-rounded, informed guidance to travellers, ultimately 
reducing the risks associated with cross-border pharmaceutical 
transactions.

3.6. Legal and regulatory aspects

Regulatory authorities and legal frameworks play a significant role in 
preventing the production, distribution, and sale of medications that fall 
short of international quality, safety, and efficacy standards. Most na
tions have a national regulatory authority which oversees the safety, 
efficacy, and quality of pharmaceutical products within their respective 
countries [190]. Their responsibilities include evaluating applications 
for the registration and approval of pharmaceutical products, ensuring 
compliance with GMP standards, market surveillance, quality control 
and testing, the education of healthcare professionals and the public, 
collaboration with international regulatory bodies such as the WHO, and 
the legal enforcement of pharmaceutical regulations [191].

The quality of national regulatory authorities can vary significantly 
from one country to another. It is estimated that, globally, at least 30 % 
of national regulatory authorities face challenges in executing their 
essential regulatory functions [192]. Most regulatory authorities in 
low-income countries lack the necessary infrastructure to ensure the 
quality, efficacy, and safety of pharmaceuticals [193]. Many developing 
nations also lack a well-established regulatory framework capable of 
effectively targeting criminal networks [90]. A WHO report found that 
90 % of regulatory authorities in sub-Saharan Africa had limited ca
pacity to perform their core regulatory functions. A notable exception 
was South Africa. As a result, many nations often depend on regulatory 
agencies in more developed, high-income, countries known for their 
consistent and rigorous evaluation capabilities pertaining to medicine 
registration [191,194].

A shortage of adequately qualified assessors and inspectors was a 
widespread issue in 92 % of countries in the WHO report, which also 
emphasised the necessity for specific training in current GMP. Overall, 
national regulatory authorities were not in line with recommended 
WHO standards [191]. This situation puts the lives of both citizens of, 
and travellers to, low-income countries at risk. Although there is 
agreement that many national regulatory authorities are understaffed, 
the prevailing literature often falls short of recording specific employ
ment statistics, the level of existing regulatory expertise, or the ideal 
number of qualified professionals needed for optimal efficiency in these 
organisations. It is imperative to quantify the depth of regulatory 
expertise within Africa, particularly considering the substantial 

Table 1 
Deviation from good manufacturing practices.

Aspect Description References

Poor quality ingredients Active ingredients: Falsified and 
counterfeit drugs often contain 
substandard or insufficient active 
ingredients, leading to ineffective 
treatment.

[155–158]

Inactive ingredients: Excipients and 
fillers in falsified drugs may be of lower 
quality or contaminated, compromising 
drug safety.

[159,160]

Inadequate formulation 
and manufacturing

Formulation: Incorrect formulations in 
counterfeit drugs can result in 
inconsistent drug release and potential 
adverse effects.

[159,161]

Manufacturing conditions: Falsified 
drugs are often produced in 
substandard facilities lacking proper 
equipment and adherence to good 
manufacturing practices (GMP), leading 
to contamination and errors.

[162,163]

Lack of quality control Quality control procedures: Counterfeit 
drug producers typically lack adequate 
quality control measures, resulting in 
inconsistent product quality.

[90,
164–166]

Batch testing: Falsified drugs often skip 
batch testing, leading to variations in 
quality between batches.

[167]

Packaging and labelling 
irregularities

Authentication features: Counterfeit 
drugs lack, or attempt to replicate with 
lower precision, security features 
including holographic seals, tamper- 
evident packaging, or unique identifiers 
present in genuine pharmaceuticals.

[168–171]

Information accuracy: Falsified drugs 
may contain inaccurate information on 
packaging and labelling, such as false 
expiration dates or dosage instructions.

[155,
172–174]

Traceability and 
documentation

Documentation: Counterfeit drug 
manufacturers often lack proper 
documentation or provide fraudulent 
records.

[175–177]

Traceability: Falsified drugs are often 
untraceable, making it challenging to 
identify their source or movement in the 
supply chain.

[175,176,
178,179]

Compliance with 
regulatory standards

Regulatory approvals: Counterfeit drugs 
lack necessary regulatory approvals and 
are often illegally produced and 
distributed.

[116,180,
181]

Quality audits: Counterfeit drug 
producers operate outside regulatory 
inspections, avoiding scrutiny of their 
manufacturing processes.

[175,182,
183]

A.J. Feeney et al.                                                                                                                                                                                                                               Travel Medicine and Infectious Disease 61 (2024) 102758 

6 

http://www.who.int/medicines/services/counterfeit/report/en/
http://www.who.int/medicines/services/counterfeit/report/en/
https://wwwnc.cdc.gov/travel/page/counterfeit-medicine#:%7E:text=If_20possible_2C_20bring_20your_20medicine
https://wwwnc.cdc.gov/travel/page/counterfeit-medicine#:%7E:text=If_20possible_2C_20bring_20your_20medicine


investments made by international development partners in training 
regulatory professionals [192].

Global leadership in the area is decentralised and split between 
several key international organisations including the WHO, the United 
Nations Office on Drugs and Crime (UNODC), INTERPOL and the World 
Customs Organisation (WCO); separate organisations, each with a 
diverse range of responsibilities, goals and enforcement capabilities 
[195]. The WHO has repeatedly passed resolutions and guidance 
focusing on shaping policy, especially through the supervision of ini
tiatives and programs within individual countries [196]. It is important 
to recognise, however, that the WHO lacks enforcement powers and is 
not equipped to deal directly with criminal or law enforcement matters, 
which hinders its ability to effectively respond to crimes relating to 
falsified and counterfeit medicines [197]. The UNODC has made recent 
endeavours to promote international collaboration in combating falsi
fied and counterfeit medicines. One suggestion involves establishing a 
trilateral coalition comprising the WHO, UNODC, and INTERPOL [197].

Ultimately, an international convention against falsified and coun
terfeit medicines is an essential first step to harmonise regulation and 
enforcement in a global context, offering a legal foundation that is 
currently absent. Key aspects would include: the introduction of an 
agreed upon international definition of what constitutes a counterfeit or 
falsified medication, thereby avoiding the contradicting perspectives 
caused by varying and vague terminology used today; the imple
mentation of domestic laws that criminalise the production, trafficking, 
and distribution of falsified and counterfeit medicines, as per the 
aforementioned definitions, enabling the prosecution and extradition of 
individuals involved in these activities; the implementation of a legal 
and institutional framework through which standards could be contin
ually refined; and a guarantee of financial and technical support through 
local and regional networks, with particular emphasis on lower-income 
countries, the objective being to empower these nations to bolster their 
national regulatory authorities to a degree whereby they can reliably 
ensure patients’ access to high-quality medicines [198].

The European Falsified Medicines Directive (FMD) came into effect 
on February 9, 2019. It is a comprehensive regulatory framework 
established by the EU to combat the circulation of counterfeit or falsified 
medicines within the European pharmaceutical market. The primary 
goal of the FMD is to ensure the safety and authenticity of medicines for 
patients across the EU [9]. The FMD introduces several crucial pro
visions to safeguard the pharmaceutical supply chain or pedigree. It 
mandates the serialisation of prescription medications, necessitating 
manufacturers to include unique identifiers and anti-tampering devices 
on medicine packages, enabling tracking and authentication during 
distribution. The directive establishes national repositories to store data 
from these unique identifiers, which pharmacists and authorised in
dividuals can access to verify the authenticity of medicinal products 
before dispensing them to patients. It also emphasises the use of safety 
features, such as anti-tampering devices, to prevent unauthorised access 
to medicine packages [199]. Moreover, the FMD assigns specific re
sponsibilities to various stakeholders within the pharmaceutical supply 
chain, including manufacturers, wholesalers, and pharmacies, requiring 
them to maintain secure and compliant medicine movement through 
licensing and adherence to standardized procedures [200].

4. Discussion

Falsified and counterfeit medicines represent a substantial challenge 
in the realm of international travel and public health. They encompass a 
wide range of products, from lifestyle medications to life-saving drugs. 
The global nature of travel exposes individuals to unfamiliar healthcare 
systems and pharmaceutical markets. They may encounter counterfeit 
medications during their journeys, often unknowingly. This issue is not 
confined to a specific geographic region; it spans the globe, affecting 
both high-income and low-income countries. Travellers from high- 
income nations may unknowingly purchase counterfeit drugs while 

abroad, while those from low-income countries may be more vulnerable 
due to the lack of education, robust regulatory measures and the prev
alence of substandard pharmaceuticals.

The manufacture of falsified and counterfeit medicines is a multi- 
faceted process that deviates from GMP [153]. The current literature 
highlights the use of poor-quality ingredients [155,156], incorrect for
mulations [19], and a lack of quality control measures [90]. Travellers 
can be exposed when they purchase medications abroad, particularly 
from sources such as unregulated local pharmacies or online vendors 
[111,201]. Pharmacists may be equipped to verify the authenticity of 
pharmaceutical products, but research reveals that there is a need for 
greater awareness, training, and resources to enhance their capabilities 
[184–186]. Moreover, the literature underscores the importance of pa
tient education and pre-travel consultations to mitigate the risks asso
ciated with counterfeit medicines.

The legal and regulatory aspects are pivotal in addressing this issue. 
Travellers may find themselves in countries with varying degrees of 
regulatory oversight and quality control measures. While most nations 
have national regulatory authorities overseeing pharmaceutical prod
ucts, the quality of these authorities varies significantly [192]. Many 
low- and middle-income countries face challenges in executing their 
regulatory functions, emphasising the need for capacity building [90,
191,193]. The development of an agreed-upon international definition 
of falsified and counterfeit medicines, implementation of domestic laws, 
and the provision of financial and technical support to lower-income 
countries are critical components of this framework [198].

Efforts to combat falsified and counterfeit medicines involve a 
multitude of international organisations, including the WHO, the 
UNODC, INTERPOL, and the WCO. Research has highlighted the suc
cesses of global operations like INTERPOL’s Operation Pangea and the 
WCO’s STOP initiatives in seizing counterfeit drugs and disrupting 
criminal networks [202–205]. However, these organisations have been 
challenged by issues of funding and the complexities of coordinating 
their roles and responsibilities.

The current literature offers valuable insights into falsified and 
counterfeit medicines, but research gaps remain. Future studies should 
explore the human and societal impact, the role of online pharmacies, 
the dynamics of global collaboration, the efficacy of emerging technol
ogies, and strategies to enhance consumer awareness. Furthermore, 
specific travel-related research can explore the experiences of travellers 
encountering counterfeit medicines and the role of international travel 
in the spread of falsified and counterfeit drugs. Addressing these gaps is 
critical for developing more comprehensive strategies to safeguard 
public health, ensure the integrity of the pharmaceutical supply chain, 
and develop more robust strategies to protect travellers from falsified 
and counterfeit medicines and ensure their health and safety during 
international journeys.

While this is the first comprehensive review of the literature on 
falsified and counterfeit drugs, it is subject to some limitations. The 
literature search was restricted to publications in the English language 
which may have caused some important sources to be overlooked. 
Although three databases were interrogated, it is possible that additional 
material would have been provided by a search of other databases, 
including Embase and PharmaPendium.

5. Conclusions

International travellers face unique risks related to falsified and 
counterfeit medicines, highlighting the critical importance of this issue 
in the context of global travel. As individuals explore different parts of 
the world, they encounter diverse healthcare systems and pharmaceu
tical markets, making them more susceptible to counterfeit medications. 
Tackling this complex challenge requires collaborative efforts from 
healthcare professionals, regulatory authorities, and international or
ganisations. It also necessitates ongoing research to further understand 
the nuances of this issue and to develop effective strategies to protect 
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patients and the pharmaceutical supply chain.
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[132] Frangež D, Slak B. Online counterfeit medicine trade in Slovenia. In: Criminal 
justice and security in Central and Eastern Europe: safety, security, and social 
control in local communities: conference proceedings; 2016.

[133] EUROPOL. Intellectual priperty crime threat assessment 2022. 2022. : Brussels.
[134] Loutan L. Malaria: still a threat to travellers. Int J Antimicrob Agents 2003;21(2): 

158–63.
[135] Kain KC, Keystone JS. Malaria in travelers: epidemiology, disease, and 

prevention. Infectious Disease Clinics 1998;12(2):267–84.
[136] Angelo KM, Libman M, Caumes E, Hamer DH, Kain KC, Leder K, Grobusch MP, 

Hagmann SH, Kozarsky P, Lalloo DG. Malaria after international travel: a 
GeoSentinel analysis, 2003–2016. Malar J 2017;16:1–9.

[137] Amin AA, Hughes DA, Marsh V, Abuya TO, Kokwaro GO, Winstanley PA, 
Ochola SA, Snow RW. The difference between effectiveness and efficacy of 
antimalarial drugs in Kenya. Trop Med Int Health 2004;9(9):967–74.

[138] Bate R, Coticelli P, Tren R, Attaran A. Antimalarial drug quality in the most 
severely malarious parts of Africa–a six country study. PLoS One 2008;3(5): 
e2132.

[139] Brower V. Falsified and substandard malaria drugs in Africa. Lancet Infect Dis 
2017;17(10):1026–7.

[140] Savi MK. An overview of malaria transmission mechanisms, control, and 
modeling. Med Sci 2022;11(1):3.

[141] Whiteside A, Wilson D. Health and AIDS in 2019 and beyond. v: Taylor & Francis; 
2018iii.

[142] Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, 
Colombara DV, Ikuta KS, Kissoon N, Finfer S. Global, regional, and national sepsis 
incidence and mortality, 1990–2017: analysis for the Global Burden of Disease 
Study. Lancet 2020;395(10219):200–11.

[143] Naghavi M, Abajobir AA, Abbafati C, Abbas KM, Abd-Allah F, Abera SF, 
Aboyans V, Adetokunboh O, Afshin A, Agrawal A. Global, regional, and national 
age-sex specific mortality for 264 causes of death, 1980–2016: a systematic 
analysis for the Global Burden of Disease Study 2016. Lancet 2017;390(10100): 
1151–210.

[144] Goodman C, Brieger W, Unwin A, Mills A, Meek S, Greer G. Medicine sellers and 
malaria treatment in sub-Saharan Africa: what do they do and how can their 
practice be improved? Am J Trop Med Hyg 2007;77(6 Suppl):203.

[145] Dégardin K, Roggo Y, Margot P. Understanding and fighting the medicine 
counterfeit market. J Pharmaceut Biomed Anal 2014;87:167–75.

[146] Mackey TK, Liang BA. The global counterfeit drug trade: patient safety and public 
health risks. J Pharmaceut Sci 2011;100(11):4571–9.

[147] Jang SH, Ko LK, Meischke H. Factors associated with buying medications abroad 
by nativity and race/ethnicity in the US. J Immigr Minority Health 2020;22: 
1184–92.

[148] Patel K, Chotai N. Pharmaceutical GMP: past, present, and future–a review. Die 
Pharmazie-An International Journal of Pharmaceutical Sciences 2008;63(4): 
251–5.

[149] Karmacharya JB. Good manufacturing practices (GMP) for medicinal products. 
Promising Pharmaceuticals 2014:101.

[150] Harris JR. Good manufacturing practices (GMP) and related FDA guidelines. 
Pharmaceutical Manufacturing Handbook: Regulations and Quality 2008:1–115.

[151] Grazal JG, Earl DS. EU and FDA GMP regulations: overview and comparison. Qual 
Assur J: The Quality Assurance Journal for Pharmaceutical, Health and 
Environmental Professionals 1997;2(2):55–60.

[152] Ziance RJ. Roles for pharmacy in combatting counterfeit drugs. J Am Pharmaceut 
Assoc 2008;48(4):e71–91.

[153] Gaudiano MC, Manna L, Rodomonte AL, Bartolomei M, Bertocchi P, Gallinella B, 
Antoniella E, Muleri N, Civitelli G, Alimonti S. A survey on illegal and counterfeit 
medicines for the treatment of erectile dysfunctions in Italy. J Sex Med 2012;9(8): 
2130–7.

[154] Newton P, Proux S, Green M, Smithuis F, Rozendaal J, Prakongpan S, 
Chotivanich K, Mayxay M, Looareesuwan S, Farrar J. Fake artesunate in southeast 
Asia. Lancet 2001;357(9272):1948–50.

[155] Drugs C. Guidelines for the development of measures to combat counterfeit drugs. 
Geneva: WHO; 1999. p. 1–60.

[156] Syhakhang L, Lundborg CS, Lindgren B, Tomson G. The quality of drugs in private 
pharmacies in Lao PDR: a repeat study in 1997 and 1999. Pharm World Sci 2004; 
26:333–8.

[157] Onwujekwe O, Kaur H, Dike N, Shu E, Uzochukwu B, Hanson K, Okoye V, 
Okonkwo P. Quality of anti-malarial drugs provided by public and private 
healthcare providers in south-east Nigeria. Malar J 2009;8:1–9.

[158] Taylor R, Shakoor O, Behrens R, Everard M, Low A, Wangboonskul J, Reid R, 
Kolawole J. Pharmacopoeial quality of drugs supplied by Nigerian pharmacies. 
Lancet 2001;357(9272):1933–6.

[159] Green, M.D., Counterfeit drugs - CDC health information for international travel 
2012: the Yellow Book, in CDC health information for international travel 2012: 
the Yellow Book. 2011, centres for disease control. p. 126.

[160] Hall C. Technology for combating counterfeit medicine. Pathog Glob Health 
2012;106(2):73–6.

[161] Gupta P, Singhal K, Pandey A. Counterfeit (fake) drugs & new technologies to 
identify it in India. Int J Pharmaceut Sci Res 2012;3(11):4057.

[162] Ekeigwe AA. Drug manufacturing and access to medicines: the West African story. 
A literature review of challenges and proposed remediation. AAPS Open 2019;5 
(1):3.

[163] Obi-Eyisi O, Wertheimer A. The background and history of counterfeit medicines. 
Counterfeit Medicines: Policy, Economics and Countermeasure 2012.

[164] Khan AY, Ghilzai NMK. Counterfeit and substandard quality of drugs: the need for 
an effective and stringent regulatory control in India and other developing 
countries. Indian J Pharmacol 2007;39(4):206.

[165] Pascu GA, Hancu G, Rusu A. Pharmaceutical serialization, a global effort to 
combat counterfeit medicines. Acta Marisiensis-Seria Medica 2020;66(4):132–9.

[166] Khan MH, Okumura J, Sovannarith T, Nivanna N, Akazawa M, Kimura K. 
Prevalence of counterfeit anthelminthic medicines: a cross-sectional survey in 
Cambodia. Trop Med Int Health 2010;15(5):639–44.

[167] Mullaicharam A. Counterfeit herbal medicine. International journal of nutrition. 
Pharmacology, Neurological Diseases 2011;1(2):97–102.

[168] Vorrath J, Voss M. The hidden dangers of falsified and substandard medicines: 
developing countries are most affected by the illegal trade. 2019.

[169] Alfarsi A, Caillet C, Fawbert G, Lawrence S, Krüse J, McSweeney S, O’Mahony M, 
Dondorp A, Newton PN, Fitzpatrick D. Sounding out falsified medicines from 
genuine medicines using Broadband Acoustic Resonance Dissolution 
Spectroscopy (BARDS). Sci Rep 2021;11(1):12643.

[170] Włodarczak U, Swieczkowski D, Religioni U, Jaguszewski M, Krysinski J, Merks P. 
Awareness of the implementation of the falsified medicines directive among 
pharmaceutical companies’ professionals in the European economic area. Pharm 
Pract 2017;15(4).

[171] Cozzella L, Simonetti C, Spagnolo GS. Drug packaging security by means of white- 
light speckle. Opt Laser Eng 2012;50(10):1359–71.

[172] Buowari O. Fake and counterfeit drug: a review. Afrimedic Journal 2012;3(2): 
1–4.

A.J. Feeney et al.                                                                                                                                                                                                                               Travel Medicine and Infectious Disease 61 (2024) 102758 

10 

http://refhub.elsevier.com/S1477-8939(24)00075-9/sref108
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref108
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref108
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref109
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref109
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref109
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref110
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref110
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref110
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref111
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref111
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref112
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref112
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref113
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref113
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref113
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref114
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref114
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref115
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref115
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref116
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref116
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref117
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref117
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref118
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref118
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref118
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref119
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref119
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref119
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref120
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref120
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref120
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref121
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref121
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref121
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref122
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref122
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref122
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref123
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref123
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref123
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref124
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref124
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref124
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref125
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref125
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref126
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref126
https://www.cbp.gov/trade/fakegoodsrealdangers
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref128
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref128
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref129
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref129
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref129
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref130
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref130
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref130
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref130
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref130
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref131
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref131
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref132
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref132
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref132
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref133
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref134
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref134
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref135
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref135
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref136
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref136
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref136
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref137
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref137
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref137
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref138
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref138
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref138
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref139
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref139
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref140
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref140
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref141
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref141
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref142
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref142
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref142
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref142
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref143
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref143
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref143
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref143
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref143
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref144
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref144
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref144
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref145
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref145
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref146
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref146
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref147
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref147
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref147
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref148
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref148
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref148
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref149
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref149
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref150
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref150
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref151
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref151
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref151
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref152
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref152
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref153
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref153
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref153
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref153
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref154
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref154
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref154
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref155
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref155
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref156
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref156
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref156
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref157
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref157
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref157
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref158
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref158
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref158
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref160
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref160
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref161
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref161
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref162
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref162
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref162
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref163
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref163
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref164
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref164
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref164
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref165
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref165
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref166
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref166
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref166
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref167
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref167
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref168
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref168
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref169
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref169
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref169
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref169
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref170
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref170
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref170
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref170
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref171
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref171
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref172
http://refhub.elsevier.com/S1477-8939(24)00075-9/sref172


[173] Sekhar MS, Mary CA, George RM, Sasidharan S. Counterfeit medicines: a real 
threat to the society. Int J Pharmaceut Sci Res 2011;2(7):1645.

[174] Ho HMK, Xiong Z, Wong HY, Buanz A. The era of fake medicines: investigating 
counterfeit medicinal products for erectile dysfunction disguised as herbal 
supplements. Int J Pharm 2022;617:121592.

[175] Borup R, Kaae S, Minssen T, Traulsen J. Fighting falsified medicines with 
paperwork–a historic review of Danish legislation governing distribution of 
medicines. Journal of Pharmaceutical Policy and Practice 2016;9:1–8.

[176] Wertheimer AI, Norris J. Safeguarding against substandard/counterfeit drugs: 
mitigating a macroeconomic pandemic. Res Soc Adm Pharm 2009;5(1):4–16.

[177] Sahoo M, Singhar SS, Sahoo SS. A blockchain based model to eliminate drug 
counterfeiting. In: Machine learning and information processing: proceedings of 
ICMLIP 2019. Springer; 2020.

[178] Kumar R, Tripathi R. Traceability of counterfeit medicine supply chain through 
Blockchain. In: 2019 11th international conference on communication systems & 
networks (COMSNETS). IEEE; 2019.

[179] Bates NC, Discounts Deadly. How reimportation jeopardizes the safety of the US 
pharmaceutical drug supply under the federal trade commission amendment. 
bepress Legal Series 2005:833.

[180] Morris J, Stevens P. Counterfeit medicines in less developed countries. 
International Policy Network 2006. London.

[181] Kumar B, Baldi A. The challenge of counterfeit drugs: a comprehensive review on 
prevalence, detection and preventive measures. Curr Drug Saf 2016;11(2): 
112–20.

[182] Patel A, Norris P, Gauld R, Rades T. Drug quality in South Africa: perceptions of 
key players involved in medicines distribution. Int J Health Care Qual Assur 2009; 
22(5):547–60.

[183] Caudron JM, Ford N, Henkens M, Macé C, Kiddle-Monroe R, Pinel J. Substandard 
medicines in resource-poor settings: a problem that can no longer be ignored. 
Trop Med Int Health 2008;13(8):1062–72.

[184] Chambliss WG, Carroll WA, Kennedy D, Levine D, Moné MA, Ried LD, 
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